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DEVELOPMENTS IN USSR WORK ON HYDROCARBONS

[Comment: The current development of a petrochemical trend
in USSR petroleum technology has already been noted (cf. Q0-W-
31428 and "The Petrochemical Trend in the Petroleum Conversion
Industry" by S. X, Makarov, D. I. Orochko, L. A. Potolovskiy,

e and D. Kh. Teregulov, Neftyanaya Promyshlennost', Vol 33, No 2,
Moscow, Feb 1955, pp 67-71). On the occasion of the 200th anni-
versary of Moscow University, present and past research on hydro-
carbons at that university has been reviewed rather extensively
in a number of publications. These reviews emphasize the use of
petroleum hydrocarbons and natural gas as crude materials for the
chemical industry. In discussing the work on the kineties of the
oxldatlon of hydrocarbons and chemical kineties in general con-
ducted by N, M. Emanuel' at Moscow University (see below), R. Ya.
Levina stresses the importance of this work from the standpoint
of the production of industrial chemicals derived from hydrocarbons
and of the savings which can be achieved by increasing the stability
of lubricating oils to oxidation,

Academician A. N. Nesmeyanov, president of the Academy of
Sciences USSR, states that control of the formation of radicals
and of chain reactions which usy be achieved on the basis of studies
in the field of chemical kinetics is of importance from the chemical
standpoint mainly in that it furnishes o tool by means of which in-
termediate oxidation products of industrial significance such as
formaldehyde can be produced, and polymerizations leading to syn-
thetic resins, elastomers, and other oroducts, can be stopped at
the desired point. He also states, however, that the study of
ehein reactions, particularly branched chain reactions, is of im-
portance for still another reason, i.e., because results obtained
in this field enable one to understand processes occurring in
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combustion and explosions and to control atomic explosions (A. N, .,-l
Nesmeyanov, "Future Developments in USSR Science,"” Pravda, Vol bl,
No 365, Moscow, 31 Dec 1955; ef. 00-W-31678). .
7y

Emanuel' himself, in reviewing current USSR work on reaction 3.
kinetics, deplored the fact that decreased attention is being paid 13 Al
in this work to the kinetics of combustion and explosions and e
problems connected with flame propagation (see section on the oxi- R .
dation of hydrocarbons in the text of the report below). Reduced ‘ A
attention to work of this type may perhaps be explained by the

trend mentioned above: there is an increased tendency to utilize

hydrocarbons as crude material for the chemical industry and less .
emphasis on thelr use as fuels which are sub jected to destructive B
oxidation. Furthermore, the combustion of fuels of the medium

boiling range which are used in reaction motors and dlesels re-

quires maintenance of less rigid ccnditions than the combustion of

light fuels in conventional gasoline-driven engines of the recipro-

cating type; hence decreased attention is being paid to kinetics of

combustion, although a considerable amount of work on chain reactions

and reaction kinetics in general is apparently being done. ]

Work on Hydrocarbops at Moscow University

Some recent advances in the chemistry of hydrocarbons in the USSR, and
the background of these advances with particular atiention to work done at
the Moscow State University imeni M. V. Lomonosov, are outlined below.

N. D. Zelinskiy, and after him A. F. Frost, demonstrated that petroleum
is of organic origin: they established that the most diverse materials of
aniral and plant origin can be converted into hydrocarbon mixtures similar

the synthesis of rubber, synthetic fibers, detergents, and other products has
been pointed out by the July 1655 Plenary Session of the Central Committee
CPSU.

Moscow State University has placed particular emphasis on research in
hydrocarbon chemistry since the 1830s, when V. V. Markovnikov worked in this
field in connection with the exploitation of the Caucasian oil fields. Work .
in this field has been especially productive of practically applicable re- r
sults during the period [up to 19331 when N. D. Zelinskiy [Markovnikov's
successor as head of the Chair of Organic Chemistry at Moscow University] was
in charge of it. By using the reaction of the catalytic dehydrogenation of
naphthenes to aromatics discovered by Zelinskiy, the reaction of the aromati- {
zation of paraffins over a platinum catalyst according to a procedure dis-
covered by B. A. Kazanskiy and A, F. Plute, and the catalytic conversion of
cyclopentanes into branched paraffins according to the method of Zelingkiy
and Kazanskly, one can, if the need arises, achieve complete aromatization of
the total amount of hydrocarbons contained in the gasoline and kerosene
fractions of crude oil. Zelinskiy and Kazanskiy's method involves fission of
the ring under the action of hydrogen during & conversion of the cyclopentanes
with the use of = platinum catalyst.
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Work by Zelinskiy and A. A, Balandin has made feasible the Production

of synthetic rubber from

Petroleum rav materials. These investigators have

developed a method for the conversion into butadiene of the butane and butene
which are contained in considerable quantities in gases evolved during the
thermal eracking of petroleum. Under the action of metal oxide catalysts,
these two gaseous hydrocarbons are canverted into butadiene at g temperature
of about 5000, Because production of synthetic rubber from petroleum raw
raterlals has been made possible in this manner, this production no longer
depends on a supply of ethyl alcohol and the conversion of alcohol by s. v,

Lebedev's method,

In recent years Profs N, I. Shuykin, R. Ya. Levina and M. B. Turova, and
Docent 3. 1. Khromov (Moscow University) have investigated many other catalytic
reactions of hydrocarbons from the standpoint of their application in the pe-~
troleum industry and in the conversion of products derived from petroleum. At
the Chair of Physical Chemistry, Profs A. V. Frost and K. V. Topchiyeva have
subjected to investipgation the mechanism and rate of various transformations
of petroleum hydrocarbons under the effect of aluminosilicate catalysts, which
are widely used in industrial processes of petroleum conversion.

On the basis of data relating to the catalytic conversion of hydrocarbons,

A. A. Balandin has propos

ed the so-called multiplet theory of catalysis, which

Postulates that the reacting molecules and the catalyst must bear a definite

relationship to each othe

r both structurally and thermodynanucally. According

to Balandin's theory, molecules 45 a rule react after coming intc contact with
& whole group of atoms of the catalyst (l.e., a multiplet) rather than with a

single atom.(1)

The multiplet theory

of atoms are effective on

Postulates that active centers composed of groups
the surface of the catalyst. The catalytie activity

of these groups of atoms constituting the multiplete is based an a correspondence
betveen the geometric arrangement of groups contained in the molecule of the

and the geometric configuration of the multiplets.

It is also determined by certain requirements with regard to the energy balance.

According to this theory,

& heterogeneous catalytic reaction proceeds over the

forration of an unstable complex between the reacting molecules and the active

centers of the catalyst.

The complexes are formed only when there is direct

contact, i.e., the chemical valency forces have a small radius of activity.
Those atoms of the reacting molecules among which & redistribution of valency
bonds takes place come into contact with the active centers. It is assumed
that the reaction takes place in a monolayer, i.e., on the surface of the

catalyst.

N. I. Kobozev's theory of active ensembles resembles Balandin's theory

in that the active center

of the catelyst is assumed to have  a definite

structure eorresponding to the distribution of atoms in the reaciing molecules.,
The surface of the catalyst is ussumed to have a compartmentalized structure:

it consists of individual

closed regions which are separated from each other

by structural and potential barriers beyond whieh the atoms of the catalyst
cannot migrate. If an ensemble consisting of n atoms of the catalyst disposed
on the surface of one of the regions or cellis is active, the maximum catalytic

activity will be attained
atoZi'on the surface has

when a certain optimum concentration of catalyst
been established; an increase or a reduction of the

ntration will destroy the ensembles consisting of n atoms. Kobozev be-

lieves that by determining the dependence of the relative specific activity of
the catalyst on the degree of £illing of the surface, one can, if the surface
of the carrier is known, arrive on the basis of his theory at conclusions not
only in regard to the number of atoms forming an active center, but also in
regard to the structure of the catalyst.
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Lately the radical-chain theory of heterogeneous catelysis has received
some acceptance. This theory is being elaborated by F. F Vol 'kenshteyn,
N. N. Semenov, and V. V. Voyevodskiy. According to the radical-chain theory,
some free valencies are present on the surface of the catalyst These valencies
are formed as & result of the excitation of electrons of the solid catalyst by
heat motion. Molecules which are saturated with respect to their valency bonds,
on reacting with the free valencies of the catalyst surface, form radicals.
These radicals may either penetrate into the space above the catalyst, inducing
radical or chain reactions there, or initiate chain reactions that proceed on
the catalyst.(2)

In addition to doing work on problems of catalysis, the chemical research
workers at Moscow University are conducting extensive investigations on the
synthesis of hydrocarbons. R. Ya. Levina and her collaborators have developed
nev methods for the synthesis of many straight-chain and cyclic hydrocarbons
the structure of which was formerly not known (1) .

Levina established the fact that all unsaturated hydrocarbons have one
property in common, i.e., that of isomerizing at a relatively low temperature
(260°) in the presence of metal oxides. In developing new nethods for the
synthesis of hydrocarbons, she utilized the high reactivity of unsaturated
hydrocarbons of the putadiene and cyclediene series (3)

The availsbility of convenient methods of synthesis facilitates work on
important problems such as the dependence between the structure of hydrocarbons
and their properties as motor fuels and lubricants, determination of the
structure of individual components of crude petroleum by comparing them with
synthetic compounds, etc.

( Work on the qualitative and quantitative analysis of hydrocarbon mixtures
) {gasolines, kerosenes, etc.) by determining their Raman spectra is being con-
ducted by Prof V. M. Tatevekiy and members of his group. In the course of N
this work, the characteristics of Raman spectra of hydrocarbons of many types
have been investigated and relationships established between the structure of
these hydrocarbons and thelr spectra.

The conversion of hydrocarbons into other organic compounds is also being
subjected to extensive investigation. At the Laboratory of Organic Synthesis,
which is directed by Levinz, a reaction has been developaed by means of which
cyclopropanes can be converted into compounds thut contain an atom of mercury
and & carbinol group. These compounds exhibit antibacterial activity.

At the Laboratory of Gas Electrochemistry the problem of converting
methane into acetylene has been solved. Profs N. I. Kobozev &nd S. S. Vasil'-
yev have vorked on this method.

At the Chair of Chemical Kinetics, Prof N. M. Emanuel' is conducting in-
vestigatlions on reaction velocities and the mechanism of the oxidation of
hydrocarbons. By oxidizing hydrocarbons, substances which are of importance
from the economic standpoint (carboxylic acids, alcohols, etc.) can be ob-
tained. Problems pertaining to the oxldation of hydrocarbons are also of im-
portance from another standpoint, i.e., the stability of lubricating oils to
oxidation. If the stability of iubricents to the .oxygen of the air can be
increased, & considerable economic gain will result.

Prof P. P. Borisov and Docent M. 5- Eventova'have investigated the oxi-
dation of specially synthesized hydrocarbons of types which enter into the

composition of lubriceting oils and established the dependence between the
structure of these hydrocarbons and their stability to oxidation.
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Catalytic Cracking

The majority of new Processes app.
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lied in the USSR petroleum conversion

industry are based on work done by chemists, The discovery of the ¢racking of
hydrocarbons by V. G¢. Shukov in the 18905 led to a reorientation of the world

retroleum industry and was the most im)

portant factor which transformed petroleum

conversion into a branch of the cherical industry. An improvement in the yield

of gasoline and in the antiknock prope

rties of the gasoline was achieved not

only by perfecting the technology of thermal cracking, but also by developing

nev methods of catalytic cracking. As
one must mention S. V. Lebedev's work

far as catalytic cracking 1s concerned,
on the catalytic polymerization and de-

polymerization of alkenes in the presence of aluminosilicate catalysts. lumi-

nosilicate catalysts, the catalytic pr

operties of which were originally

established by L. G. Gurvich, are at present extensively applied to catalytic

cracking.

By 1918 N. p. Zelinskiy had developed a method for the catalytic cracking

of mazut with aluminum chloride at 150

~200° in which & yleld of gasoline ex-

ceeding 60% was obtained, The first experiments on the use of  -awntnum

chloride for this burpose were carried
who wes active around 1870, 1(4)

The first USSR cracking installat
Shukov and M. A. Kapelyushnikov. (5)
try and technology, work done by Zelin
mental importance. One must also ment
TSIATIM [Central Scientific Research I
GrozNII [Groznyy Scientific Research P
Scientific Research Petroleum Institut
Acodemy of Sciences USSR and the Acade

out by G. G. Gustavson [a Russian chemist,

ion was built {n 1923 at Baku by V. G.

In the development of petroleum chemis~

skiy and 3. 3. Nemetkin was of funda-
lon in this connection work done by

nstitute of Aviation ﬁele and 0ils],

etroleum Institute], AMNIT [Azerbaydzhan
el, and the petroleum institutes of the
my of Sciences Azerbaydzhan SSR.

Important investigations Pertaining to petroleum teehnology have been

carried out under the Soviet regime by
Amerik, V. S. Gutyrya, und others.

Orochko, G. K. Boreskov, and M. F
which has a bearing on petroleun techn
equipment, Boreskov on the determinati

A. V. Frost, D, I. Orochko, B. K.

< Naglyev have done theoretical work
ology: Orochko worked on hydrogenation
on of the optimum temperature field of

the reaction zone, and Nagiyev on Processes carried out in stages in such a

manner that the products are withdrawn

High-capacity units for the conve

between the stages.

rsion of petroleum operate continuously.

By using the principle of recirculation, a degree of conversion approaching
10C$ is achieved in them, Notwithstanding the fact that this principle had
been applied for a long time, no general theory of recirculation processes

existed. Nagiyev developed such a the

ory recently (L),

In vievw of the facl that industrial catalytic cracking is carried out

with the aid of alumina-silica catalys

ts, the chemistry of contemporary

cracking is mainly one of the transformations of hydrocarbons under the effect

of active aluminosilicates.
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The polymerizing action of natural aluminosilicates has been investiguted
in detail by 3. v. Lebedev and members of his group, The work in question has
shown that catalytic depolymerization of alkenes in the presence of alumino-
silicates proceeds at a higher veloeity and at lower temperatures than thermal
cracking.

Lebedev and ve. p. Filonenko determined that the polymerization products
of nonsymmetric alkenes (i.e<, of compounds which are cupable of polymerization
at room temperature) depolymerize when heated in the presence of the sape
alumina-silica catalyst which had been used originally in polymerization. In
work on the decomposition of diamylenes in the Presence of aluminosiliecates
that had been done by Lebedev, it wag shown that the decomposition of the
hydroecarbons begins at 65-700. The rate of decomposition markedly increases at
90% and reaches a maximum at 165-1709 The products of the decomposition of
diamylenes contain not only alkenes but also suturated hydrocarbons. A more
detailed investigation of the depolymerization of isobutene polymers has shown
that triisobutene ig readil depolyrerized at 175-200° in the presence of an
alumina-silicy catalyst and that intensive cracking begins at 2600

It has thus been established that scission of hydrocarbons tukes place
under the influence of alumina-silica cutalysts after a very short time of
contact of the hydrocarbons with the catalysts. It was found in later work
vhen alkene vapors are brought into contuct with alumina-silica catalysts et
temperatures ip the vicinity of 250°, & complex process takes place during
which reuctiong of scission, dehydrogenation, decomposition into the elements,
and polymerization oceur simultuneously,

Lebedev experimentally demonstrated thet alkanes may forw from the cor-
responding alkanes and determined that simultaneously with the Lydrogenution,
dehydrogenation and then polymerization of the products of deliydrogenation
takes place. These pherorena have been subsequently subjected to a thorough
and many-sided investigation by A. V. Frost and his collaborators.

In work done by Lebedev et al., 1t was repeatedly noted that iscmeriza-
tion of alkenes and alkadienes occurs in the presence of alumina-silica cata-
lysts, and that this isomerizution consists in a transformation of the un-
symmetric alkene structure into a symmetric cne. This work was continued by
Ya. M. Slobodin, who showed thut methylallene is isomerized into butadiene at
230-275° in the Presence of uluminosilicates, while unsymmetric dimethylallene
is isomerized into isoprene. vye. K. Serebrynkova and A, V. Frost established
the fact that under the effect of activated clays normal butane ig transformed
into isobutene. Using an alumina-siiica catalyst, A, V. Frost and Ye. K. Remiz
hydrogena ted propene. They found that the cutalyst exerted a very strong
hydrogenuting action.

The catalytic transforrations of hydrocarbons (cracking, alkylation,
alkylation conjugated with dealkylation, etc.) are being subjected to system-
atic investigation by A. V. Topchiyev end Ya, u. Paushkin, A. D. Petrow and
N. 1. Shuykin, Yu. g. Mamedaliyev, K. v. Topchiyeva, and G. M. Panchenkov. .
Extensive investigations in this field have been carried cut by N. D. Zelinskiy
and members of hig school, particularly B. A. Kazanskiy, s R. 3ergiyenko,
end A. F. Piate. The theoretical postulates formule ted Ly these workers are
of great importance for understanding the techanism of cataly+ic transformations
of hydrocarbons.

D. I. Orochko, A. V. Frost, M. r, Nagiyev, and 2 G. Petrova 1nvestigateqd
the catalytie eracking and kinetics of decomposition of cetane as well ag of
narrow distillation fractions of petrolewn within a wide range of temperatures
and degrees of conversion.
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Extensive Lnvestigations on the catalytic cracking of individual hydro-
carbons and petroleum fractions under pressure have been carried out at the "
Petroleum Instituce, Academy of Sclences USSR, under the direction of X. P. L=
Lavrovskiy. '.:;
(A4
As far as the activity of alumins-silica catalysts is concerned, V. I. v‘; :

Vernedskiy pointed out thet the aluminosilicate group is the bearer of this
activity. Original and valuable results on the mechanism of the action of
thise catalysts have been obtained by K. V. Topchieyeva and G. M. Panchenkov. 3
(6

Results published in 1954 indicate that aluminosilicate cracking cata-
lysts, which are typical acid catalysts, have the properties of semiconductors.
Their electrical conductivity changes sharply during cracking. The transition
of electrons may precede or accompany the transition of protons. Both the

Processes on the reactivity of molecules of the carbonium and carbanium types
are determined in the fipal end by the electronic structure of the molecules.
Such chemical bonds as the hydrogen bond, which evidently plays a prominent
role in acid-alkali catalysis, are distinguished prirmarily by the character of
the electron bonds which form them. One ray conclude from this that electron
phenomena must also play an important role in acid-alkali catalysis. The in-
vestigation of the latter from this point of view appears to be promising (7)

Polymerization
——Jo=ttzation

Notwithstanding the industrial application since 1939-1940 of the process
of alkylation of isobutane with olefins, polyrmerization has not lost its im-
portance in the petroleum industry. fThe use of polymerization Processes in the
industry is not restricted to the synthesis of motor fuels. To give an example,
the polymerization of propane yields dedecylene, an olefin which is used for
the synthesis of alkyl-aromatic compounds from which synthetic detergents are
derived.

By the low-temperature polymerization of isobutene additives to Jubri-
cating oils are obtained, while the copolymerization of iscbutene with a small
quantity of butadiene results in special grades of synthetic rubber which are
resistent to the action of chemicul agents,

By polymerizing ethylene and other olefins with the aid of aluninum
chloride, lubricating oils which have very advantageous characteristics are
obtained.

Phosphoric acid as o polymerization catelyst has been sub Jected to
thorough study by Russian investigators.

In 1632 s. 3. Nametkin, together with M. G. Rudenko and A. N. Abakumovskaya,
discovered a new type of transformation of olefinic hydrocarbons, i.e., the
reaction of polymerization accompanied by hydrogenation and dehydrogenation.

A study of this reaction has made 1t possible to explain the changes which take
place in the process of the polymerization of olefins and lead as a result of
the redistribution of hydrogen to the formation of paraffinic, naphthenic, and
aromatic hydrocarbons in addition to that of olefins.

B. A. Kazanskiy and M. I. Rozengart and also A, D. Petrov and his col-
laborators (A. P. Meshcheryakov and L. I. Antsus) have made a considerable con-
tribution to the knowledge of polymerization and of polymerization products.
Kazanskiy investigated the polymerization of olefins in the presence of sili-
cate catalysts EaEGaNNe Y DhO i 6.0 Lok iy “RAUD:miRbd Lok ok hevedhani aglian
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constitution of the polymerization prodl_xcts and elucidated the nature of the ._I
catalytic action of uluminpsilicates, which amounts to ordinary acid catalysis.
The work of A. D. Petrov on the chemieal structure of some products of the

polymerization of olefins 1s of outstanding importance.

AL V. Topchieyev and his collaborators (B. M. Tumerman, T. P, Vishnnyakovn,

V. AL Andronov, and others) investigated the polyrerization of olefins in the
dresence of derivatives of boron fluoride 85 well as the constitution of the
products which are obtained when toron fluoride catalysts are used. In these
investigations it was shown that the ether-beron fluoride corplex and the com-
pound of boron fluoride with phosphoric acid are of the preatest interest as
volynerization catalysts., Their setion was found to be analozous to that of
ordinary acid catalysts.

R. D. Obolentsev et al. kave curriod out .
cn the polynerizution, depolymerization, isoreri
tions of hydrocarbons.

reat nmuher of 1avestigations
on, and other trunsforma-

fore

N. N. Serenov advanced the productive hypotliesis in remard to the oc-
currence of ionic heterogenecus calulysis, an idea which was confirmed experi-
rentally in work done by N. M. Chirikov and others. Tf Semenov's hypothesis
is valiqg, catalysis igs brought wbout by ions adsorved on the surface of a
carrier which has a high specific surface, this being a set of conditions which
is typical for carriers in the presence of phosphoric acid wnd for silicate
catalysts activated with acids, The chain theory of chemical reactions, which
has been developed by Semenov, contributes to an understanding of polymerization
Processes, which proceed by & chain mechanisn.

Yu. G. Mamedaliyev in a series of investigations investigated and de-
veloped methods of the conversion of hydrocarbon Zases into nmotor fuels by
polymerization and alkylation, thus contributing to Progress in this field.

t ) Iately Ya. 7. Eydus has published severul interesting review articles on
the polymerization of olefins, in which an extensive bibliography on the sub-
Ject is glven.

Although production of motor fuels by polymerizing gaseous olefins with
the aid of phosphoric aeid has been carried out in the petroleum industry for
nearly 20 years, the USSR literature hitherto paid only very slight'gitention
to a scientific and technical enalysis of processes of olefin polymerization,
the theory and kinetics of pelyrerization with the aid of phosphoric acid
catalysts, and other, related problems. The book Kataliticheskaya Polimeri-
2atsiys Olefinov Vv Motornoye Toplive by Ya. M. Paushkin attempts to eliminate
this blank by reviewing the principal work on the polymerization of olefins
into motor fuels ard light polyrers, the problems of the catalytic conversion
of olefins which are comnected with thig work, the chemical constitution of
the products of polymerization, and the fundamentuls of the theory of Dolymeri- -’
zation. The polymerization of isobutene into polylsobutene is considered in
connection with a diseussion of the utilization of cracking gases. (8)

The polyrerization of oclefins ut ttrmospheric pressure 1s thermodynamically
feasible at atmospheric Pressure botn wi low temperstures (minus 1000 to 0°)
and medium temperatures (0° to rlus 100°). fhe conversion takes place if a
catalyst is present and good yields are obtained.

The following polymerizaticn catalysts are used: (2) acids; sulfurie,
phosphorie, and hydrogen fluoride; (b) halides: aluminuam chloride, boron
fluoride, and zinc chloride; (c) alumina-siliea catalystis and other silicate
catalysts.
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According to the views held at present, the rechanism of the action of
catalysts which polymerize olefins is based on tonic catelysis. The acids re-
lease ions which are ussumed to initiate the reaction. Active acids nay form
vhen the halides functioning as catalysts combine with traces of moisture or
with hydrogen halides. The aluminosilicates also huve acidic properties (9)

Oxidation of Hydrocarbeons

N. M. Eranuel'! subjected to investigation the action of inhibitors and of
positive catalysts on chain reactions. On a number of examples of chain re-
actions, this investigator showed thez there is a succession of macroscopic
stages separate in time, and that ewch of these steges is capable of proceeding
by a chain reactlon. He expressed the opinion that positive catalysts exert
an effect on the total process by stimulating the initial macroscopic stage and
that the products of this reaction stage then give rise to subsequent stages.
The correctness of this conclusion wis illustrated on examples {cf. also Z. K.
Miyzus, N. M. Emsnuel', Doklady Akademii Nauk S38R, Vol 87, 1952, pp 241, W37,
201}, On the other hand, the negative catalysts or inhibitors suppress the
total process by inhibiting the initial reaction which gives rise to subsequent
stages. For this reason, inhibitors rey in some cases exert un effect on being
introduced into the initial mixture and remuln entirely ineffective after Leing
introduced into a mixture which has already begun to react. The kinestics of
nonbranched and branched chains were considered from the standpoint of N. N.
Semenov's theory; it has been shown thet when the chain terminztion effect is
proportional to the first power of the concentration of active centers, the
inhibitors must exert the same action on being added to the initial mixture
as upon addition to & mixture which has already begun to react. Eranuel' con-
siders that new prospects for directing chemical reactions into the desired
channels are opened by the realization that the macroscople stages follow each
other in a definite sequence.(10)

On the occasion of the Conference on Chemical Kineties, Catalysls, and
(- Reactivity which was hLeld in Moscow on 20-24 June 1955, Eranuel' commented as
follows on current work in the field of the oxidetion of hydrocarbons and the
possibilities of controling reactions of hydrocarbon oxidation and chemical
reactions in general on the basis of & better knowledge of their kinetics:

"No papers on chemlcul kinetics as applied to combustion were presented
at the conference. U3SR science has to its credit great achievements in
creating a theory of processes of combusticn. However, at the present time
the scope of work being carried out in this field is entirely insufficient.
It is necessary to expand aguin the investigation of cold and hot flames and
of processes of f{lame propagation and explosions.

"The prinecipal problem ..f chemical Hinetics is that of direciing processes
of chemical transformation into ithe desired channels It has not been shown
adequately at the confererce ..cw this can be done un the basis of a detailed B
knowledge of reaction mechuni - At the sane tlime, the suggestion has been
advanced that it ought to i pogsible te control chemical transformations
once a sufficlent knowledge of microscople stages of complex reactions has
been acquired. Macroscopic stages, which are composed of a number of ele-
mentary processes, lead ‘o the formatisn of relatively stable intermediete
substances of formation of final products of the reactiocn. As c.mpared with _ ¥
the conventional way of conducting chemical reactions by establishing a set
of conditions beforehand, i.e., at the very beginning of the reaction, action
on the macroscopic stages which develop during the course of the reaction
process is very effective.
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"Sometimes (particularly in the case of complex chain reuctions) the in-
itial period of the reaction plays & special role, so thet the effects of
different factors in the initial period and a later peried are not the game. ¢

Il

In rany reports presented at the conference, specific chemical p}ocesses r{&
(those of oxidation, polynerization, induced chlorinaticn in complex organic 3o
systems, etc.) were discussed from the standpoint of the concépt of macro- i & 1
scopie stages. Expansion of research on macroscopic stages of complex chemical e

Processes is necessary."(11) 3

In an investigation aiming at the clarifiecation of the mechanism of nega-
tive catalysis in hydrocarbon oxidation, M. B. Neyman determined that no matter
whether D-1-pentane, D-2-pentane, or 3-D-pentane was oxidized, formaidehyde
conteining deuterium was r ried in every case Experimrents on the oxiaation
of 1-gL ~-pentane ang 3-cl -pentane showed that formaldehyde 1s Toried ot
only from the end-carbons, but also from the middle carbons of the pentane

~ chain. The results of these experiments are not in agreement with the theory
of destructive oxidation: they support the assumption that axidation of hydro-
carbons proceeds in accordance with the radical-chain theory. The ecticn of
various inhibitors on the oxidation of hydrocarbons was found to take place in
accordance with the equations of the chain theory. The inhibitors terminate
the chains by reacting with radicals., As o result, the rate at which peroxides
and aldehydes are accumulated is reduced. Unsaturated hydrocarbons, e.g.,
hexadiene, can be used s oxidation inhibitors. According tz Neyran's results,
the autocatalysis factur in oxddation drops from saturated hydrocarbons to
olefins and then further oo dienes. (12)

In investigating the induced autcoxidation of cyclohexenélto the hydro-

peroxide stage, B. V. Yerofeyev, A. I. Chirko, and L. N, Sorokina- found that
manganese gfigarate and cobalt stearate are effective as initiators of the .
reaction. Cobelt¥stearate proved to be the most effective initiator among ’
those tested, while the ~learates of iron and nickel and manganese formate

( vere found to be ast effective. At low concentrations of the initiator, the

' rate of the reactfon increased with increases in the concentration of the in#
itiator. At hign concentrations such increases did not affect the rate of the
reaction. To explain this relationship, Yerofeyev et al. assumed that the in-
itiator participates both in the induction of the reaction and the termination
of chains. (13)

The Effect of Oxidizing Additivas on Hydrouearbon Fuels g

Ye. K. Varfolomeyeva and || Vv Yershov investigated the action of pro-
detonators (ethyl peroxide, ethyl hydroperoxide, acetone diperoxide, esters
of nitrie acid, and esters of nitrous ucid) on the octnpe nurker and the in-
duetion period of low temperature detonation of casolines, aleohol-gasoline
mixtures, ealcohol-benzene mixturce, and wlso of o number of individual hydro-
carbons and their derivatives containing oxygen. They found that the esters
of nitric and nitrous acids ure stronger stimulants of detonation {knocking}
than organic peroxides and that the effectivensss of their action depends on
the quantity of NO contained in the moleculs. fThe effect of peroxides on the
knocking of gasolines was found to depend botlh on the constitution of the
peroxides and the composition of the gasolines: ‘tihe greatest raduction of the
octane nunber takes pluce in streight-run gasolines, a smaller reduction in
gasoline-benzene mixtures, and an insignificant reduccion in cracking gaso-
lines. It was noted that the action ¢f peroxides in lowering the octane number
runs parallel to that of letraethyllead in inereasihg the octane number . (14}

- 10 -
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